Kinetic analysis of the nicking and hairpin formation steps in V(D)J recombination.
The complete cleavage phase of V(D)J recombination includes four phases: binding of the active RAG complexes to the 12- or 23-signals, nicking of the signals, synapsis of the two signals, and hairpin formation at both signals concurrently. We have done time courses for the complete cleavage phase of the V(D)J recombination reaction and quantitated the amount of active RAG enzyme. We have also formulated a kinetic model for the binding, nicking, synapsis, and hairpin formation phases. We have utilized free solution enzymatic measurements for the binding and nicking phases as we do mathematical simulations of the kinetic model. This permits iteration of rate constants for the synapsis and hairpin formation phases until the model fits the observed overall cleavage time course. This process yields a rate constant for the hairpin formation that is 0.004 min(-1), which corresponds to an average catalytic cycle time of 250 min. This value is exceedingly close to a measured value of this constant that relied on wash-out of an inhibitory cofactor. The agreement indicates that this is likely to be the rate of the hairpin step over a wide range of range of conditions and irrespective of the DNA sequence of the V, D or J coding end located adjacent to the signal. These findings indicate that, under optimal in vitro conditions, the core RAG proteins carry out nicking at a rate which is nearly 150-fold faster than hairpin formation. The physiologic implications of this and other kinetic inferences of these time courses are discussed.